Allergic rhinitis is the most common form of allergic disease, estimated to affect up to 20% of the population worldwide (1) . This disorder is an inflammatory disease of the airways and shares with asthma a number of common epidemiologic, histologic and pathophysiologic features (2) (3) (4) . These include the high numbers of inflammatory cells such as mast cells and eosinophils in the airway; when activated on exposure to airborne allergens they undergo degranulation and release inflammatory substances, including cysteinyl leukotrienes, histamine, prostaglandin D2, and kinins.
The cysteinyl leukotriene type-1 (CysLT1) receptor antagonist montelukast, administered once daily in the evening, has been documented to significantly improve symptoms of seasonal allergic rhinitis (5-7). As montelukast provides relief of symptoms for 24 h and its pharmacokinetic profile is similar whether dosed in the morning or evening (8) , we predicted that montelukast would provide benefit in seasonal allergic rhinitis regardless of the time of dosing. Therefore, the primary objective of this study was to test the efficacy of montelukast 10 mg administered once daily in the morning to patients with seasonal allergic rhinitis.
Few studies have examined the treatment of seasonal allergic rhinitis with oral agents for periods longer than 2 weeks (9, 10) . These studies of antihistamines, with or without decongestants, did not specifically examine the time course of treatment effect by week. However, their results are suggestive of a diminishing treatment effect on seasonal allergic rhinitis symptoms over time. While one possible explanation could be that symptoms scores and hence treatment effect size decreases as pollen counts decline during the course of the study, an alternative explanation is that histamine plays a major role in the early but not the evolved inflammatory response in seasonal allergic rhinitis. Because cysteinyl leukotrienes play a role in the late phase of the allergic response (11), we reasoned that the time course of the treatment effect of montelukast might differ from that of the antihistamines. Accordingly, a second objective of this study was to examine the effect of montelukast on the symptoms of seasonal allergic rhinitis during a 4-week treatment period.
This paper reports the results of a multicenter, doubleblind, randomized, parallel-group, placebo-controlled study on the effects of montelukast 10 mg given once Background: Proinflammatory mediators such as the cysteinyl leukotrienes are important in the pathophysiology of allergic rhinitis. This study evaluated the efficacy and tolerability of montelukast, a cysteinyl leukotriene receptor antagonist, given once daily in the morning for treatment of seasonal (fall) allergic rhinitis for 4 weeks. Methods: This was a randomized, double-blind trial with a placebo run-in and a 4-week treatment period. Patients (n ¼ 1079) with a history of allergic rhinitis and a positive skin test to seasonal pollen allergens were assigned to placebo, montelukast 10 mg, or loratadine 10 mg. Symptoms were assessed with a daily diary. Results: Montelukast was more effective than placebo in improving scores for the primary endpoint of daytime nasal symptoms (P ¼ 0.003) and the secondary endpoints of night-time, composite, and daytime eye symptoms, patient's and physician's global evaluations of allergic rhinitis, and rhinoconjunctivitis quality-of-life (P £ 0.006). The positive control loratadine also improved scores for the primary endpoint (P £ 0.001) and the majority of the secondary endpoints (P < 0.03). When analyzed by week, the treatment effect of montelukast was more persistent than loratadine over all 4 weeks of treatment. Conclusion: Montelukast provided effective relief of seasonal allergic rhinitis symptoms when given once daily in the morning, showed significant and sustained improvement in symptoms of allergic rhinitis over 4 weeks of treatment, and was well-tolerated. daily in the morning on the symptoms of seasonal allergic rhinitis during a 4-week treatment period. Loratadine, an antihistamine, served as the positive control to validate the study. The results show that montelukast provided efficacy in daytime and night-time symptoms of seasonal allergic rhinitis with morning dosing with a durable and consistent treatment effect over the entire 4 weeks of the study.
Material and methods
This study was performed during the fall pollen season in 47 study centers in the United States. The study was conducted in accordance with applicable statutes and regulations regarding the protection of patientsÕ rights and welfare and was approved by Institutional Review Boards at each study site. All patients gave written informed consent before any study procedure was performed.
Study design and patients
There were two study periods: a 3-5-day single-blind, placebo runin period followed by a 4-week, double-blind treatment period. Patients were randomized in a 5 : 2 : 5 ratio to montelukast 10 mg, loratadine 10 mg, or placebo treatment groups, respectively. All study medications were administered once daily in the morning. Blinding was ensured by including matching-image placebo tablets. Patients were to complete the study within the fall pollen season, determined by historical pollen counts in their locality.
Patients were nonsmoking adolescents and adults, ages 15-82 years, who were symptomatic during the fall and had at least a 2-year history of seasonal allergic rhinitis. Eligible patients exceeded a defined minimum daytime nasal symptoms score during the placebo run-in period. Prior to randomization and enrollment into the double-blind treatment period, patients had to demonstrate a positive skin test to a fall allergen. The allergens identified by the study sites as the most prevalent fall seasonal allergens found in their areas are listed in Table 1 . Each site selected six allergens from this list for skin testing. Kits containing the selected antigens were provided to each study site. Skin testing was performed during Visit 1. Test solutions were applied to the inner forearm by skin pricks. A wheal larger than that of the saline control by at least 3 mm was considered positive. The percentages of patients showing a positive or negative response of the skin test to each allergen are also shown in Table 1 .
Patients with mild asthma, using only short-acting b-agonist bronchodilators, were allowed to participate. Patients with the following conditions were excluded: perennial rhinitis with little or no seasonal flare-ups; rhinitis medicamentosa; nonallergic rhinitis; structural nasal obstruction; upper respiratory tract infection; acute or chronic pulmonary disorder. Medications for allergic rhinitis and conjunctivitis were not allowed during the study. Medications that could affect nasal or ocular symptoms, including decongestants and anti-inflammatory drugs, and oral or long-acting inhaled b-agonists, theophylline, and leukotriene modifiers were also excluded. Patients who had begun immunotherapy within the previous 6 months were excluded.
Efficacy assessments
All patients completed a daily diary during the run-in and treatment periods, as described previously (5-7). The primary endpoint was daytime nasal symptoms score, an average of the individual symptoms of nasal congestion, rhinorrhea, pruritus, and sneezing. Secondary endpoints included night-time symptoms score (average of the individual symptoms of difficulty going to sleep, night-time awakenings, and nasal congestion on awakening), and daytime eye symptoms score (average of the individual symptoms of tearing, pruritus, redness, and puffiness). Each individual symptom was rated on a 4-point scale: 0, none; 1, mild; 2, moderate and 3, severe.
Other secondary endpoints were the composite symptoms score (average of the daytime nasal symptoms score and night-time symptoms score), patient's global evaluation, physician's global evaluation, and rhinoconjunctivitis quality-of-life score (average of seven domains: activity, sleep, non-nose/noneye symptoms, practical problems, nasal symptoms, eye symptoms, and emotions). Patients and investigators each provided a global evaluation of allergic rhinitis at the end of 2 weeks of treatment (7) . The physician's global evaluation was based on the patient's oral history and physical examination without reference to the patient's daily diaries. Patients completed a rhinoconjunctivitis quality-of-life questionnaire (12, 13) before randomization and at the end of 2 and 4 weeks of treatment or upon discontinuation.
Patients also recorded the exploratory endpoints of morning (end-of-dosing interval) nasal symptoms score and eye symptoms score on the same 4-point diary scale, using instantaneous recall on arising in the morning, before the next dose of study medication.
Other measurements
Peripheral blood eosinophil counts were measured before and at the end of the 4-week treatment period. Airborne weed pollens were collected using a Rotorod Ò sampler (Multidata LLC, St Louis Park, MN) and were analyzed by Multidata LLC. 
Statistical analysis
Efficacy analyses for all endpoints employed an intention-to-treat approach that included all randomized patients who had a baseline and at least one post-treatment symptom assessment. Mean symptom scores were calculated at baseline (average of daily scores during the placebo run-in period), during the first 2 weeks of treatment (average of daily scores during the first 2 weeks of the double-blind treatment period), during all 4 weeks of treatment (average of daily scores during the 4-week double-blind treatment period), and after 1, 2, 3 and 4 weeks of treatment (average of daily scores during each week of the double-blind treatment period). Changes from baseline were analyzed by subtracting the mean score during treatment from the baseline score. The first 2 weeks of the active treatment period was prespecified as the primary analysis timepoint. For the change from baseline, treatment comparisons were based on testing specific pairwise contrasts using an analysis of covariance (ancova) model, with factors for treatment and study centers and using the baseline value of the dependent variable as a covariate. Treatment differences were estimated by least-squares (LS) means obtained from the ancova model. The mean treatment difference between the montelukast and loratadine treatment groups was estimated using 95% confidence intervals. An analysis of variance model (anova), with terms for treatment and study center, was used to analyze global evaluations. To explore the change over time in treatment effect, a slope analysis of the weekly symptoms scores over the 4-week treatment period was performed using a mixed-model approach. For this analysis, the time effect was modeled by an intercept and slope for each treatment group. To model the influence of decreasing pollen counts during the study, the patient-specific change from baseline in weed pollen count was included in the model as a fixed effect for each treatment period week. Regional differences were modeled by including a fixed study center effect in the model and patient-specific effects were included as a random slope and intercept for each patient. Time effects were assessed by the difference in slopes between montelukast and placebo and between loratadine and placebo.
Based on the results of previous study protocols, it was estimated that if there were 360 patients in each of the montelukast and placebo groups, the study would have a 90% power to detect a 0.13 difference in change from baseline in daytime nasal symptoms score between the two treatments at 2 weeks. Similarly, the study was designed such that if there were 136 patients in the loratadine group and 360 patients in the placebo group, the study would have an 80% power to detect a 0.15 difference in change from baseline in daytime nasal symptoms score between the two treatment groups. The study was powered for the comparisons of each of the active treatments with placebo. The difference in treatment effects between montelukast and loratadine was expected to be smaller than the treatment effect of each active treatment compared with placebo. Consequently, the study is not adequately powered for the direct comparison between montelukast and loratadine and no formal testing was performed. van Adelsberg et al.
Results

Baseline characteristics
Of 1728 patients screened, 1079 patients were randomized and 1000 (93%) completed the study. Six hundred and forty-nine patients were excluded during screening (Fig. 1) . About two-thirds of the enrolled patients were women (67%); most were white (82%) and in the age range of 18-64 years (91%); 89% had a history of allergic conjunctivitis; 23% had a history of asthma, with 6% reporting active symptoms of asthma (Table 2 ). There were no clinically meaningful differences among the treatment groups in any baseline characteristic, including baseline symptoms scores, secondary diagnoses, and concomitant drug therapies.
Endpoints
Montelukast, averaged over the primary analysis period of the first 2 weeks, was significantly more beneficial than placebo for the primary endpoint of daytime nasal symptoms score (P ¼ 0.003) and the secondary endpoints of night-time symptoms score, composite symptoms score, daytime eye symptoms score, patient's global evaluation and physician's global evaluation (P ¼ 0.006 for all secondary endpoints; Table 3 ). Montelukast provided significant benefit, relative to placebo, in the exploratory endpoint of morning (end-of-dosing interval) nasal symptoms score. There was a borderline significant effect (P ¼ 0.085) on the instantaneous score for morning (end-of dosing interval) eye symptoms averaged over the first 2 weeks of treatment. The primary and secondary endpoints showed significant improvement with montelukast relative to placebo over the entire 4 weeks of treatment (P ¼ 0.006 for all primary and secondary endpoints; Table 3) .
Montelukast was significantly different from placebo in three of four individual daytime nasal symptoms and all three individual night-time symptoms over the first 2 weeks as well as during all 4 weeks (Fig. 2) . Patient responses on the rhinoconjunctivitis quality-of-life questionnaire showed significant improvements (P < 0.03, data not shown) from baseline for all seven individual quality-of-life domains during the first 2 weeks of treatment, and, except for the emotions domain where there was borderline significance (P ¼ 0.059), during all 4 weeks. Montelukast significantly reduced blood eosinophil counts (P ¼ 0.002) compared with placebo (Table 3) .
Loratadine, the positive control, significantly improved the symptoms scores for the primary and secondary * Presence of asthma symptoms (not further specified) at start of study, as noted by the patient. Mean score during placebo run-in period; all symptoms scored on 0 (best) to 3 (worst) scale. à Mean of the daytime nasal symptoms score and the night-time symptoms score. § Mean of seven domains scored on 0 (best) to 6 (worst) scale. Unless otherwise specified, values are mean € SD.
endpoints over the first 2 weeks (P £ 0.03) and all 4 weeks (P £ 0.03) (Table 4) , except for night-time symptoms, where loratadine provided no significant benefit [ Fig. 2 (4-week data) ]. The estimates of the differences between the two active treatments favored montelukast for eosinophil counts and favored loratadine for daytime nasal symptoms score for the first 2 weeks. The confidence intervals for the estimates of treatment differences for other endpoints included zero. When examined by week, montelukast was significantly more effective than placebo in improving daytime nasal, night-time, daytime eye, and composite symptoms scores at every week (Fig. 3) . In contrast, the treatment effect of loratadine by week, compared with placebo, tended to decrease throughout the study. To evaluate the time course of the treatment effect, an analysis of the slope of the mean change from baseline by week was performed for all 4 weeks. The difference in slopes between montelukast and placebo was )0.01/week for each of the daytime, night-time, daytime eye, and composite symptoms scores, and was not significant, indicating a constant treatment effect greater than the placebo effect. In contrast, the difference in slopes between loratadine and placebo for the secondary endpoints ranged from 0.01 to 0.03/week (P ¼ not significant) and was 0.04/week for the primary endpoint of daytime nasal symptoms score (P ¼ 0.036), indicating a diminishing loratadine treatment effect for the primary endpoint. The prespecified analysis included pollen counts as a factor in the model, to account for declining symptom scores over time because of diminishing pollen exposure at the end of the season. However, the results were identical when the analysis was repeated without pollen counts as a factor.
Safety
There were no clinically meaningful differences between treatment groups in the incidence of clinical or laboratory adverse experiences. Discontinuations because of adverse experiences were infrequent and comparable between the montelukast and placebo treatment groups and between the loratadine and placebo groups (Fig. 1) . There was one discontinuation in the placebo group because of a laboratory adverse experience. The majority of the laboratory adverse experiences in all treatment groups were transient and self-limited.
Discussion
Clinical studies have demonstrated the efficacy of montelukast in seasonal allergic rhinitis (5-7). These studies § Values for global evaluations are absolute scores because this question was asked only at week 2.
-Mean of seven rhinoconjunctivitis quality-of-Life domains scored on 0 (best) to 6 (worst) scale. LS, Least squares; CI, confidence interval. P value is for the comparison with placebo. All symptoms were scored on 0 (best) to 3 (worst) scale; rhinoconjunctivitis quality-of-Life questions and global evaluations scored on 0 (best) to 6 (worst) scale.
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utilized an evening dosing schedule, consistent with the approved dosing of montelukast for chronic asthma. Because the pharmacokinetics of montelukast are similar whether it is administered in the morning or the evening (8), efficacy in seasonal allergic rhinitis was anticipated to be independent of the time of dosing. The treatment effect of montelukast relative to placebo over the first 2 weeks of this study for daytime nasal symptoms, night-time symptoms, and composite symptoms scores was similar to the treatment effects reported in previous 2-week studies in which montelukast 10 mg was administered in the evening (6, 7). Thus, montelukast provides comparable treatment effects in both daytime and night-time symptoms of allergic rhinitis independent of the time of dosing. Similar to previous studies, the safety and tolerability of montelukast 10 mg administered over 4 weeks were comparable with placebo, (6, 7) consistent with the experience in patients with asthma (14) . One of the more interesting results of this study was the time course of the treatment effects of montelukast compared with placebo and its apparent difference from that of loratadine when compared with placebo over a 4-week treatment period. When symptoms scores were analyzed by week, the data demonstrated that the treatment effect of montelukast was durable and consistent over the entire 4-week treatment period, with a small increase at week 2 relative to week 1 that was subsequently maintained for the remainder of the treatment period. These results differ from the time course of treatment with loratadine in the daytime nasal symptoms score, in which the magnitude of the loratadine treatment effect diminished with time. A similar trend of decreasing treatment effect of loratadine vs placebo was seen for the night-time symptoms score, the daytime eye symptoms score, and the composite symptoms score.
Previous studies in seasonal allergic rhinitis have either averaged symptoms over the entire treatment period or looked at symptoms by week. In order to further analyze the time course of the treatment effect, we employed a slope analysis to examine the effect of time on the treatment effect over the entire study in addition to performing pairwise comparisons by week. The slope analysis provides a method for evaluating the response to treatment throughout the study, thus providing information about treatment effect in the face of the evolving allergic response during the allergy season. Although such an analysis makes the assumption that the time trend of the treatment effect is a linear function, it does provide a good fit to the data and a new way to examine responses to treatment over the entire allergy season. The analysis showed that the treatment effect of montelukast for the primary endpoint (daytime nasal symptoms score) and the secondary endpoints of night-time, daytime eye, and composite symptoms scores increased over time and was greater than the placebo effect. However, the treatment effect of loratadine decreased significantly over time for the primary endpoint and diminished over time for the other three secondary endpoints.
How general are the results of our study? This is the first study of montelukast in allergic rhinitis for a period longer than 2 weeks. There are few studies on the treatment of antihistamines in seasonal allergic rhinitis longer than 4 weeks and even fewer that examined active treatment after symptoms had begun. Grossman et al. (10) evaluated the combination of loratadine and pseudoephedrine vs placebo in patients with seasonal allergic rhinitis. The design of that study was similar to our study, except that the primary endpoint was a combination of four nasal symptoms plus eye symptoms. The treatment effect was significant only at the first week of treatment; a graph of the weekly symptom scores showed that the treatment effect size diminished over a 4-week treatment period (10). Ratner et al. (9) examined the effects of ebastine and loratadine over a 4-week treatment period during the fall allergy season. The study design and the daytime nasal symptoms assessed were similar to our study. Although the weekly treatment effect size was not described in the paper by Ratner et al., their graph of the weekly percent change from baseline in daily symptom score is similar to that seen in our study. Notably, a decreasing treatment effect over time was seen for both ebastine and loratadine. § Values for global evaluations are absolute scores because this question was asked only at week 2.
-Mean of seven Rhinoconjunctivitis quality-of-life domains scored on 0 (best) to 6 (worst) scale. LS, least squares; CI, confidence interval. P value is for the comparison with placebo. All symptoms were scored on 0 (best) to 3 (worst) scale; rhinoconjunctivitis quality-of-life questions and global evaluations scored on 0 (best) to 6 (worst) scale. van Adelsberg et al.
In contrast to the effects of antihistamines, intranasal administration of corticosteroids has been reported to provide significant improvement in nasal symptoms vs placebo in seasonal allergic rhinitis patients during all 4 weeks of double-blind treatment (15) (16) (17) . These results parallel those that we report here on the durable effect of montelukast throughout the treatment period; this similarity is not surprising because, like montelukast, corticosteroids are anti-inflammatory agents.
Taken together, these previously reported data and the results presented here suggest that over a 4-week treatment period, there may be a diminishing response to antihistamines in seasonal allergic rhinitis. It has been proposed that the decrease in treatment effect over time observed with antihistamines is not a true decrease in efficacy but rather reflects a decrease in symptoms scores because of falling pollen counts at the end of the season. However, this rationale may not be completely correct. First, the treatment effect of montelukast did not diminish during the 4-week treatment period, suggesting that falling pollen counts do not adequately explain diminishing treatment responses. Secondly, the results of the slope analysis were the same whether or not we included pollen counts as a factor, again suggesting that the durability of the montelukast treatment effect and the diminishing loratadine treatment effect (vs placebo) were not due to falling pollen counts but rather were intrinsic differences in the responses to these two agents during the pollen season.
What might explain the differing time course of the treatment effects of montelukast and loratadine? One possibility is that the time course of release of leukotrienes differs from that of histamine in allergic rhinitis, thus leading to a dissimilar time course of response to therapy. Surprisingly few studies have examined the time course of mediator release during natural pollen exposure. A study of histamine and LTC 4 levels in nasal washings by week during the allergy season suggested that histamine and LTC 4 release had different kinetics (18) . A second possibility is that mediator release is constant, but the nasal mucosa becomes less responsive to histamine during the course of the allergy season. Tachyphylaxis to repeated histamine challenge in the nasal mucosa as well as in the airway of asthmatic patients has been reported (19, 20) . However, there is tachyphylaxis to the bronchoconstrictive effects of LTD 4 as well. Tachyphylaxis, therefore, is unlikely to explain these results. The third possibility is that montelukast, but not the antihistamine loratadine, modulates the development of the nasal allergic response during the allergen season. Nasal mucosal exposure to antigen causes local inflammation characterized by infiltration of eosinophils, neutrophils and mononuclear cells (21) (22) (23) as well as systemic signs of inflammation such as eosinophilia (24) . In this and previous studies, montelukast reduced blood eosinophil counts (6, 7) . Although these data suggest that montelukast could modulate both the systemic and the local allergic response, the effect of montelukast on nasal eosinophilia and markers of the systemic allergic response in allergic rhinitis has yet to be formally investigated.
In summary, montelukast provides significant benefit in the treatment of symptoms of seasonal allergic rhinitis independent of the time of administration. The treatment effect of montelukast is durable, extending over the full 4-week treatment period, and did not diminish with time. The time course of the treatment effect differed from that of the antihistamine loratadine. The reasons for this difference are not yet clear, but the similarity of the time course of response of montelukast to that of nasal steroids suggests that anti-inflammatory actions of montelukast may play a role. The 4-week results presented here, while novel, were obtained from one study. Given that there are few comparable, long-term, placebo-controlled published studies that have similarly examined the effect of antihistamines on the weekly change in symptom scores, more research in this area is clearly needed.
